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Chapter 1 
1.  
Introduction 
 
 
 
1.1  Background 
Renewable energy (RE) sources become significantly important due to 
climate change and global warming concerns. Basically, the renewable 
energy sources such as sunlight, wind, tides, and geothermal are constantly 
generated from the natural process and those energies can be used to 
generate electricity energy. Meanwhile, the International Energy Agency 
(IEA) defined the renewable energy as follows [1]: 
“Renewable energy is derived from natural processes that are replenished 
constantly. In its various forms, it derives directly from the sun, or from heat 
generated deep within the earth. Included in the definition is electricity and 
heat generated from solar, wind, ocean, hydropower, biomass, geothermal 
resources, and biofuels and hydrogen derived from renewable resources.” 
 
Chapter 1.1: Background   | 2 
 
 
According to the Renewables 2010 Global Status Report [2], from the 
end of 2004, worldwide renewable energy capacity grew at rates of 10 – 
60% annually for many renewable-based-technologies such as solar 
photovoltaic (PV), wind power, solar hot watering/heating, ethanol 
production, solar thermal power, geothermal power and biodiesel 
production. Wind power and many other renewable-based-technologies, 
growth accelerated in 2009 relative to the previous four years. However, 
grid-connected PV increased the fastest compared to all  
renewable-based-technologies, with a 60% annual average growth rate.  
Meanwhile, in the Renewables 2015 Global Status Report [3], the 
renewable energy provided an estimated 19.1% of global final energy 
consumption in 2013, and growth in capacity and generation continued to 
expand in 2014. The most rapid growth, and the largest increase in capacity, 
occurred in the power sector, led by wind, solar PV, and hydropower. By 
the end of 2014, renewable energies comprised an estimated 27.7% of the 
world’s power generating capacity, enough to supply an estimated 22.8% of 
global electricity. Based on the current trend, the renewable energy capacity 
will continue to growth in the future years [2-5].  
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Figures 1.1 and 1.2 show the renewable energy capacity grew trends of 
the wind power and solar PV power between 2004 and 2014. Wind power 
and solar power amongst the important renewable energy sources for 
electricity generation. In addition, solar-power-based may produce most of 
the world's electricity within 50 years and consequently it reduces the 
emissions of greenhouse gases that harm the environment [1, 6]. Thus, these 
renewable energies will play an important role for the future electricity 
energy sources. 
 
Figure 1.1  Wind power global capacity, 2004 – 2014 [3]. 
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Figure 1.2  Solar PV global capacity, 2004 – 2014 [3]. 
 
The generated energies from renewable sources need to be managed and 
controlled in order to be useful to the humankinds. Power conversion 
technology is one of the methods for the generated energies from renewable 
sources to be converted into electricity energy. In addition, power 
conversion technologies are actively and aggressively studied by researchers 
all over the world since 50 years ago [7-17]. As a result, many power 
converter technologies, energy conversion systems and energy policies have 
been introduced in order to optimize and fully utilize those renewable energy 
 
Chapter 1.1: Background   | 5 
 
 
sources. Besides, due to rapid expanded demand and awareness of the 
renewable energy usage on electrical loads, those power converter 
technologies and energy conversion systems are improved in order to 
achieve higher efficiency, reliability and stability. Furthermore, energy 
policies and regulations especially on renewable energies are frequently 
revised for monitoring and control purposes. 
On the other hand, the generated electricity energy from the renewable 
sources needs to be managed and controlled for the humankind usage and 
must be according to the load requirements. Power conversion technologies 
especially in power electronics field are actively studied since 19th century. 
Therefore, many kinds of power converter technologies have been 
introduced and developed. The power converter technologies are improving 
from time to time for achieving better performance and efficiency due to the 
renewable energy sources constraints and power devices limitation [18-21].  
On top of that, micro-grid system has been introduced in order to manage 
and control the electricity energy from the renewable energy sources due to 
advantages of better power quality, environmentally friendly and has good 
technical aspects on power flow reduction especially on transmission and 
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distribution networks [22-28]. Basically micro-grid system consists of 
power generations, power converters, energy storage systems, control 
systems and protection systems. Generally, micro-grid system focuses on 
low voltage distribution side and it connected to a grid system. Fig. 1.3 
shows the general direct current (DC) micro-grid system. Besides, power 
converter is one of the important components in the micro-grid system for 
electricity power conversion in order to power up electrical loads 
accordingly.  
Generally, a datacenter is one of the important loads in commercial 
buildings. Besides, new datacenters system use DC power supply system 
due to several advantages compared to alternating current (AC) power 
supply system [29-33]. Thus new datacenters system can be one of the 
important DC micro-grid loads. On the other hand, according to some 
findings, datacenters consume highly electricity power and in fact it needs 
also reliable supply sources. Although most datacenters rely on the main 
power grid, the system also requires locally available standby power source 
in case of power grid failure. Therefore, the micro-grid system can play an 
important role in order to be a reliable local integrated power supply [34-39]. 
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Fig. 1.4 shows the general datacenters system configuration with HVDC and 
DC micro-grid connected. 
Nowadays DC power supply system in datacenters and 
telecommunication buildings become current trends for minimizing 
installation and maintenance costs [40-44]. Hence, DC power supply 
technologies in datacenters and telecommunication building have been 
actively studied due to the advantages of high efficiency and high reliability 
over AC power supply technologies. In DC power supply system, the 
conversion loss is reduced due to the reduction of power conversion number 
[45-48]. For example, in a general AC power supply system, four power 
conversions are required; meanwhile only two power conversions are 
required in a DC power supply system for data centres [49, 50]. In addition, 
copper size reduction at load sides also can be achieved. Thus high efficient 
of DC-DC power converters are needed in order to realize this intention 
effectively. 
DC-DC converter is one of the power converter technologies in order to 
convert from one level of DC voltage to another level of DC voltage [51-53]. 
In addition many circuit structures and topologies of DC-DC converters that 
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able to convert DC voltage levels from one level to another have been 
introduced and proposed. Generally it can be categorized into two, i.e. 
isolated and non-isolated DC-DC converters. If an isolation feature of 
DC-DC converters is not required, the non-isolated type of DC-DC 
converter is a good option due to transformer-less feature. Generally, 
isolated DC-DC converters in high voltage applications have several 
problems of bulkiness, leakage inductance due to imperfect-coupled 
winding of transformer and leakage current occurrence due to parasitic 
capacitance between transformer windings. Thus non-isolated type of 
DC-DC converter becomes an advantage.  
Generally, DC voltages can be tapped from the renewable energy (RE) 
sources with specific arrangements and connections of PV panels by using 
two-level conventional DC-DC boost converters (CBC). On the other hand, 
conventionally a two-level conventional DC-DC boost converter (CBC) is 
considered in order to convert a DC voltage level from RE sources to another 
level of DC voltages. Unfortunately, the two-level CBC suffers from 
bulkiness of an input inductor due to circuit structure limitations. In order to 
reduce the input inductor, multilevel and multistage DC-DC converters are 
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introduced by many researchers. The generic topologies of DC-DC 
converter can be categorized into three major topologies, i.e., diode-clamped, 
cascaded-structure and capacitor-clamped.  
This thesis focuses on development of multilevel and multistage DC-DC 
converter structures with passive components reduction and high conversion 
ratio of voltage features. Based on the generic topologies of DC-DC 
converters, a conventional diode-clamped topology requires many diodes 
and has fewer redundancies of switching schemes operation, consequently 
the application is limited. Meanwhile, with cascaded-structure topology, it 
usually needs many switching devices due to inductor-less feature 
consideration. Some other cascaded-structure topologies need a transformer 
for a voltage conversion. From these generic topologies of DC-DC 
converters, flying capacitor topology (based on capacitor-clamped topology) 
shows attractive features, i.e. this converter needs only a small input inductor 
and small flying capacitors in order transfer energy from an input side to an 
output side.  
On the other hand, some of the renewable energy (RE) sources only 
able to generate low DC voltages, thus high conversion ratio of voltage of 
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DC-DC converters are required in order to generate high DC voltages. Thus, 
DC-DC converters with high conversion ratio of voltage capability need to 
be considered in order to realize this intention. A multistage Marx impulse 
generator topology for high voltage and high current pulses generation has 
attractive circuit structure and configuration. The circuit structure based on 
Mark impulse generator topology can be adapted into DC-DC converters in 
order to achieve high voltage at an output side and high current at an input 
side configuration. Specifically, parallel connections of stage capacitors at 
low voltage side and then series connections of the same stage capacitors at 
the high voltage side are the attractive circuit arrangements for this 
topology. By considering these configurations, current stress and voltage 
stress are reduced at low voltage side and high voltage side, respectively. 
As a result high efficiency of a high boost ratio DC-DC converter can be 
achieved for medium and high power applications.    
Therefore, DC-DC converters based on flying capacitor topology and 
Marx topology will be described in details in the following chapter for 
passive components reduction and high conversion ratio of voltage 
achievement.   
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Figure 1.3  General DC micro-grid system. 
 
 
 
 
Figure 1.4  Datacenters system configuration with HVDC and DC micro-grid 
connected. 
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1.2 Research Objectives   
Future datacenters and telecommunication building require DC power 
supply systems in order to transfer electricity energy to loads. Some of the 
electricity sources come from RE, such as solar PVs and Wind turbine. 
Thus, high efficient of DC-DC power converters are required in order to 
convert DC voltages from one level of DC voltage to other levels as 
required by loads. Conventional DC-DC converters are usually used due to 
less required number of components and simple structure. Unfortunately, 
this conventional DC-DC converter suffers from bulkiness of an input 
inductor especially when medium and high power applications are 
considered. Consequently, size, volume and weight of the converter became 
large and heavy. This is because the conventional DC-DC converter only 
uses an inductor in order to transfer energy from an input side to an output 
side. In addition voltage stress on switching devices is high due to circuit 
structure limitation and only low voltage conversion ratio is suitable in 
practical. 
One of simple ways in order to reduce the inductor volume density is to 
increase the switching frequency. Principally, the fast and short period time 
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of charging and discharging can reduce the volume density of required 
passive components. However, at some extend this approach will degrade 
performance of the converters since more switching losses are generated 
and other issue as well. On the other hand, silicon based switching devices 
have limited ranges of operating frequency. In order to overcome these 
problems concretely, multilevel and multistage DC-DC converters 
structures are introduced. With these multilevel and multistage structures, 
passive components reduction, i.e., inductors and capacitors, voltage stress 
reduction on switching devices, current stress reduction at low voltage side 
and high conversion ratio of voltage capability can be achieved.  
The objective of this research is to consider passive components 
reduction, i.e., inductors and capacitors, voltage stress reduction on 
switching devices and current stress reduction at low voltage side for high 
conversion ratio of voltage of DC-DC converters. In order to realize this 
intention, multilevel and multistage structures are considered. This study 
only focuses on non-isolated DC-DC boost converters type, thus all 
discussion in this thesis will be based on this view of power converters.  
In this thesis, DC-DC converters are categorized based on passive 
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components perspectives which are magnetic-based, capacitor-based and 
hybrid-based configurations. Hybrid-based configuration is defined as a 
combination of inductor and capacitor components in a DC-DC converter.  
Basically, a magnetic-based DC-DC converter configuration needs a 
large output capacitor in order to smooth out current and voltage transients 
that generated by the switching devices of the converter, and also to act as 
an energy reservoir for the load when the converter is not delivering power 
to the output. Meanwhile, with a capacitor-based DC-DC converter 
configuration, a changing capacitor voltage always follows the exponential 
function which causes the high spike current will be initiated and caused 
low efficiency of the converter. This problem can be avoided by 
introducing inductive elements arrangement in the circuit. Therefore, with 
the hybrid-based DC-DC converter configuration, the disadvantages of the 
magnetic-based converter and the capacitor-based DC-DC converter 
configurations can be properly tackled for high efficiency achievement and 
for high power applications. In addition by considering the multilevel and 
multistage circuit configuration, the passive components can be further 
reduced. 
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Figure 1.5 shows DC-DC converters are categorized based on the 
passive components perspective with multilevel and multistage structures 
consideration. From these configurations, a flying capacitor type is selected 
for passive components reduction due to an advantage of multilevel 
structure and Marx topology type is selected for high conversion ratio of 
voltage achievement due to an advantage of multistage structure. In 
addition voltage stress on switching devices and current stress at low 
voltage side are also reduced in the Marx topology and flying capacitor 
topologies.  
Meanwhile Figure 1.6 shows the generic DC-DC boost converters 
features based on the hybrid-based, capacitor-based and magnetic-based 
configurations. Thus, the hybrid-based configuration has advantages of 
small inductive and capacitive elements consideration especially for 
medium and high power applications as compared to the magnetic-based 
and capacitor-based configurations. In high power applications, such as in 
micro-grid system, the hybrid-based configurations of DC-DC boost 
converters are required due to the advantages on passive component 
reduction and high conversion ratio of voltage achievement. 
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First, the DC-DC boost converters based on passive component 
configurations are described, i.e., magnetic-based, capacitor-based and 
hybrid-based configurations. Based on these configurations, several generic 
DC-DC boost converters are identified and categorized. Then, DC-DC 
converter features from each configuration are discussed for clarifications. 
After that, multilevel and multistage structures are considered based on 
these configurations for passive components reduction with high 
conversion ratio of voltage considerations. 
Multilevel flying capacitor boost converters (FCBC) are selected for 
prototypes development and construction in order to verify passive 
components reduction design methods, theoretically and experimentally. 
Many studies have not clarified on how the passive components can be 
reduced in the flying capacitor DC-DC converter types [54-56]. In this 
study the passive components reduction methods are theoretically clarified 
and experimentally verified in the FCBC. Besides, the effectiveness of the 
reduced and small passive components consideration is experimentally 
validated. 
Furthermore, a multistage Marx topology DC-DC boost converter 
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(MTBC) is proposed and developed in order to achieve high conversion 
ratio of voltage feature. In addition this proposed converter has a modular 
feature at an output side. With this converter, parallel-series configuration 
is applied on the stage capacitor in order to reduce current stress at low 
voltage side and to reduce voltage stress on switching devices. In addition, 
interleaved operation is also considered in the constructed multistage 
MTBC in order to reduce output inductor volume and to reduce current 
stress on switching devices.   
 
 
Figure 1.5  DC-DC converter based on passive components perspectives. 
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Figure 1.6  DC-DC boost converters features based on the hybrid-based, 
capacitor-based and magnetic-based configurations. 
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1.3 Thesis Outline   
Figure 1.7 shows the outline of this thesis which is divided into 6 
chapters. Chapter 1 is the introduction whereby the importance of 
renewable energies consideration due to global warming issue is described. 
Then, the important role of power converters in the renewable energy 
sector is discussed especially DC-DC converters. The power conversions in 
DC micro-grid and datacenters systems are the focus applications in this 
thesis. The objectives of the passive components reduction and the high 
conversion ratio of voltage achievement in the multilevel and multistage 
structures of DC-DC boost converters are described.   
Chapter 2 reviews the categorization of DC-DC converters based on 
passive components perspectives. In addition, DC-DC converters based on 
magnetic-based, capacitor-based and hybrid-based configurations are 
discussed and compared. By considering the advantages of multilevel and 
multistage structures, the passive components in the hybrid-based 
configuration of DC-DC converters are reduced. In addition the current 
stress at low voltage side and voltage stress on switching devices are 
reduced as well in the multilevel and multistage topologies. Based on this 
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justification, the DC-DC converters are developed based on hybrid-based 
configuration with multilevel and multistage structures. The details 
discussion and analysis of the developed DC-DC converters are discussed 
in details in Chapters 3, 4 and 5. 
Chapter 3 focuses on the design and development of a DC-DC boost 
converter whereby three-level flying capacitor boost converter (FCBC) is 
constructed. The constructed three-level FCBC is based on hybrid-based 
configuration. With this constructed converter, the input inductor is reduced 
according to the converter level and based on maximum product of the 
charging time of inductor TL and the inductor voltage VL. In addition, the 
small capacitance of the flying capacitor can be considered in the 
three-level FCBC due to independent relationship between the flying 
capacitor voltage ripple, the input inductor current ripple and the output 
voltage ripple. Thus the small capacitance can be considered in the 
constructed converter. However, due to the small capacitance consideration, 
the flying capacitor ripple voltage is high. Thus the design of the 
capacitance is clarified and according to the maximum voltage rating of 
switching devices. Based on this justification, the size and weight of the 
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converter can be reduced especially the inductance and volume of the input 
inductor and the capacitance of the flying capacitor for obtaining high 
power density. In addition power density characteristics for two-level CBC 
and three-level FCBC are evaluated theoretically.    
Chapter 4 discusses effectiveness of the small capacitance of the flying 
capacitor in the multilevel FCBC. Three-level and five-level FCBCs are 
constructed in order to evaluate the effectiveness of the small capacitance 
of the flying capacitors experimentally. The flying capacitor design is based 
on the voltage rating on switching devices in the multilevel FCBC is 
clarified. The effectiveness of the small capacitance is analyzed based on 
the characteristics of the distorted voltage across input voltage and inductor 
voltage and the distorted current to the output capacitor and load. In 
addition, the number of level in the multilevel FCBC is influencing the 
small capacitance of the flying capacitor design. As a result, the distorted 
voltage and current are reduced when the level is increased with 
consideration of the small capacitance of the flying capacitor. Thus high 
power density of the multilevel FCBC can be achieved with minimized 
input inductor and small flying capacitor considerations.   
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Chapter 5 discusses a proposal of high conversion ratio of voltage of 
the multistage Marx topology DC-DC converter (MTBC). This converter is 
also based on hybrid-based configuration. In the proposed converter, 
parallel-series connections are applied on stage capacitors. With this 
configuration, at the low voltage side, parallel connections of the stage 
capacitors are applied and consequently the current stress is reduced. On 
the other hand, at the high voltage side, the same stage capacitors are then 
connected in series and consequently voltage stresses on switching devices 
are reduced. Thus, if the stage numbers are increased, the current stress at 
the low voltage side and voltage stresses on switching devices will be 
further reduced. Besides, the interleaved operation in the three-stage 
MTBC is considered for the output inductor volume reduction. In addition 
power density characteristics for the three-stage MTBC and other converter 
topologies are evaluated and compared theoretically.       
Chapter 6 is the conclusion, the advantages and disadvantages of the 
proposed converters are clarified. The present research works are 
summarized and the future works are discussed.  
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Figure 1.7  Outline of the thesis. 
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